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1
POWER SUPPLY DEVICE FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power supply device for
vehicle and, more particularly, to a power supply device for
vehicle using a capacitor in combination.

2. Description of the Prior Art

It is a recent trend that, to be friendly to environments or to
improve fuel efficiency, automobiles having an idling-stop
function to stop the operation of engine on the occasion of
making a stop or an electric power steering for reducing an
engine load are commercially available. Further, a hybrid
system for positively assisting engine drive is assumed to
come into wide use in the future. Furthermore, as to the
braking of vehicles, e.g., a regenerative brake system to
recover an electric energy from a braking energy is practically
utilized.

As described above, although an electric power that auto-
mobiles require tends to increase from now on, a problem
exits in that a secondary battery cannot sufficiently be charged
with an instantaneous electric power in such a manner as in
the braking time of vehicles. To meet this, an arrangement of
adding in an auxiliary manner a capacitor having a large
capacity, typified by an electric double-layer capacitor
capable of performing rapid charge and discharge, has been
proposed. However, a problem exits in shorter service life of
the capacitor in case that the capacitor is left in the state of
high voltages close to its rated voltage.

On the other hand, for example, a power supply device for
vehicle achieving longer service life of a capacitor was pro-
posed in the Japanese Patent Publication (unexamined) No.
124771/2007.

In this power supply device of the Japanese Patent Publi-
cation (unexamined) No. 124771/2007, improvement in ser-
vice life is achieved by discharging an electric power of a
capacitor until its voltage is substantially equal to the voltage
of a battery on the occasion when the ignition switch of a
vehicle is turned off. In this case, an electric power having
been stored in the capacitor is discharged to the battery and
the battery is charged.

However, in the power supply device for vehicles incorpo-
rating the above-mentioned regenerative brake system, since
a regenerative energy is charged by the regenerative brake
system at the time of making a stop, the battery is likely to be
in the full-charge state as described above.

SUMMARY OF THE INVENTION

It is certain that owing that the time period, during which
the capacitor is left in the state of high voltage, is surely
shortened, such a power supply device as mentioned above
provides improvement in service life. However, in the case
that the battery is in the full-charge state on the occasion when
the ignition switch of a vehicle is turned off, that is, the
vehicle engine is stopped, the electric power having been
stored in the capacitor results in wasted consumption. More-
over, the engine is quite likely to be restarted for a while after
the engine has been stopped, and the capacitor will be charged
again immediately after its discharge.

Accordingly, in the conventional power supply device,
since the electric power having been stored in the capacitor
often results in wasted consumption, a problem exists in large
loss and low efficiency as a power supply device and a vehicle
on the whole.
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The present invention has an object of providing a power
supply device for vehicle in which an electric power having
been stored in a capacitor can be effectively consumed on the
occasion of restarting the vehicle engine without wasted con-
sumption.

Besides, the invention has a further object of providing a
power supply device for vehicle of high efficiency while
achieving longer service life of a capacitor.

To solve the above-described conventional problems, a
power supply device for vehicle according to the invention
controls a DC/DC convertor so that an electric power having
been stored in a capacitor may be supplied to various elec-
tronic devices in the case that a voltage of the mentioned
capacitor is not less than a predetermined voltage for a first
predetermined time period after the operation of the vehicle
engine has been stopped, and controls the mentioned DC/DC
convertor so that the electric power having been stored in the
mentioned capacitor may be supplied to the mentioned bat-
tery in the case that the voltage of mentioned capacitor is not
less than a predetermined voltage for a second predetermined
time period after the mentioned first predetermined time
period has passed.

In the power supply device for vehicle according to the
invention, due to that the voltage of the capacitor is reduced to
substantially near the predetermined voltage after a predeter-
mined time period has passed after the stop of the vehicle
engine without immediate forced discharge on the occasion
when the vehicle engine is stopped, the energy having been
stored in the capacitor at the time when the vehicle engine is
stopped can be effectively consumed, thus enabling to obtain
higher efficiency ofthe power supply device for vehicle while
achieving longer service life of a capacitor.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is ablock diagram illustrating an entire arrangement
of'a power supply device for vehicle according to the present
invention.

FIG. 2 is a block diagram illustrating an internal arrange-
ment of a power supply control circuit according to a first
preferred embodiment of the present invention.

FIG. 3 is a graph illustrating time courses of a capacitor
voltage after the vehicle engine has been stopped.

FIG. 4 is a graph illustrating time courses of a capacitor
voltage according to another control mode being a modifica-
tion of FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION
Embodiment 1

A power supply device for vehicle according to a first
preferred embodiment of the present invention is hereinafter
described referring to the drawings.

FIG.1is ablock diagram illustrating an entire arrangement
of'the power supply device for vehicle, and FIG. 2 is a block
diagram illustrating an internal arrangement of the power
supply control circuit thereof.

A power supply device for vehicle in FIG. 1 includes: a
generator 1; a capacitor 2 connected to both terminals of the
generator 1; a forced discharge circuit 3 forcing an electric
power having been stored in the capacitor 2 to discharge; a
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DC/DC convertor 4 connected in parallel with the capacitor 2;
a battery 5 connected in parallel with the DC/DC convertor 4;
aload 6 formed of various electronic devices connected to the
battery 5; and a power supply control circuit 7 acting to
monitor the voltage of the capacitor 2 and the battery 5 and to
control the operation of the DC/DC convertor 4 and the forced
discharge circuit 3.

Referring to FIG. 2, the power supply control circuit 7 of
FIG. 1 includes: a capacitor voltage detection circuit 9 detect-
ing the voltage of the capacitor 2; a battery voltage detection
circuit 10 detecting the voltage of a battery; an SOC calcula-
tion circuit 11 calculating the remaining amount of the battery
letting the full charge of the battery 5 100% that is the charged
state (SOC (State of Charge)) of the battery based on battery
voltage, current and the like; and a DC/DC convertor control
circuit 8 controlling the DC/DC convertor 4 in response to a
signal from the capacitor voltage detection circuit 9, the bat-
tery voltage detection circuit 10 and the SOC calculation
circuit 11.

Now, detailed operations in the first embodiment according
to the invention are described with reference to FIGS. 3 and 4.
FIG. 3 illustrates time courses of a capacitor voltage after the
vehicle engine has been stopped, for example, an ignition has
been turned off. First, a first predetermined time period after
the vehicle engine has been stopped is a predetermined period
T1, a subsequent second predetermined time period after the
above-mentioned period T1 has ended is a predetermined
period T2, and a third predetermined time period after the
period T2 has ended is a predetermined period T3.

Referring to FIG. 3, for the predetermined period T1 after
the vehicle engine has been stopped, in the case that the
voltage of the capacitor 2 is not less than a predetermined
voltage Vs, the power supply control circuit 7 controls the
DC/DC convertor 4 at the DC/DC convertor control circuit 8
so as to cause the voltage of the battery 5 to be a constant
voltage, thereby making such a control that an electric power
having been stored in the capacitor 2 is supplied to various
electronic devices 6 (T1 mode).

Since the vehicle engine is likely to be restarted for a while
after the vehicle engine has been stopped, the electric power
having been stored in the capacitor 2 is used only for the
consumption at the electronic devices 6 for the predetermined
time period T1. Therefore, the energy having been stored in
the capacitor 2 is not wasted, thus enabling to obtain a highly
efficient power supply device for vehicle.

Furthermore, in the case that the voltage of the capacitor 2
is substantially equal to or less than the predetermined voltage
Vs in the period T1, the power supply control circuit 7 stops
the operation of the DC/DC convertor 4 and the capacitor 2 is
brought in spontaneous discharge.

Next, in the case that the voltage of the capacitor 2 is not
less than the predetermined voltage Vs for the predetermined
period T2 after the period T1 has ended, the power supply
control circuit 7 controls the DC/DC convertor 4 so that an
electric power having been stored in the capacitor 2 may be
supplied to the battery 5, which may be charged (T2 mode).

In addition, in the above-described first embodiment, by
the combination of the later-described controls 1) to 3) in the
practical operation, further improvements in efficiency of the
power supply device according to this invention can be
achieved and the deterioration of the capacitor or battery can
be suppressed.

1) During operation of the vehicle engine and for a time
period from the stop of the vehicle engine until the period T1
elapses, the charged state of the battery 5 has preliminarily
been made to be rather low, that is, the SOC thereof has
preliminarily been set to be lower by several % to several tens
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%, thereby enabling to increase the amount of an electric
power that can be stored in the battery 5 during the period T2.
That is, since the battery 5 can be charged with more energy
having been stored in the capacitor 2, the voltage of the
capacitor 2 can be decreased without the waste of energy.

2)On the occasion of charging the battery 5 with an electric
power having been stored in the capacitor 2 for the period T2,
by causing the output current from the DC/DC convertor 4 to
be larger, the voltage of the capacitor 2 is rapidly decreased
and the time period when the capacitor 2 is held at a high
voltage is reduced. Thus, the deterioration of the capacitor 2
can be suppressed to a minimum. The discharge mode 1 of
FIG. 4 illustrates this state.

The output current in the above-mentioned discharge mode
1 is determined in consideration of the maximum rated cur-
rent of the capacitor 2, the maximum rated current of the
DC/DC convertor 4 and the maximum rated current of the
battery 5. In general, since the maximum rated current of the
battery 5 is dominant, the maximum rated current is desirable
to be within a value of the maximum rated current of the
battery.

3) Besides, on the occasion of charging the battery 5 with
an electric power having been stored in the capacitor 2, by
reducing the output current from the DC/DC convertor 4 as
well as setting a longer period T2, the energy to be consumed
by the internal resistance of the capacitor 2 and the internal
resistance of the battery 5 can be decreased. Thus, the battery
5 can be charged with an electric power having been stored in
the capacitor 2 more effectively. This state is illustrated in the
discharge mode 2 of FIG. 4.

The output current in the discharge mode 2 is determined
taking the conversion efficiency of each output current from
the DC/DC convertor 4 and the charge efficiency of the bat-
tery 5 into consideration. For example, in the case that the
output current is reduced, due to the conversion efficiency of
each output current from the DC/DC convertor, the input
current comes to be significantly decreased. Thus, it is desir-
able that the output current is determined in consideration of
the efficiency of the DC/DC convertor.

Further, in the case that the voltage of the capacitor 2 is
substantially equal to or less than a predetermined voltage Vs
in the period T2, the power supply control circuit 7 stops the
operation of the DC/DC convertor 4 and the capacitor 2 is
brought in the spontaneous discharge (self-discharge) mode.
In addition, during operation of the vehicle engine and for a
time period from the stop of the vehicle engine until the
period T1 elapses, by controlling the DC/DC convertor 4 so
that the voltage of the battery 5 may be low as compared with
that in the period T2, the battery 5 can be charged with more
energy having been stored in the capacitor 2 without the use
of any battery sensor.

Next, for a predetermined period T3 after the period T2 has
ended, in the case that the voltage of the capacitor 2 is not less
than a predetermined voltage Vs, at the forced discharge
circuit 3 provided at the capacitor 2, an electric power of the
capacitor 2 is forced to discharge using the forced discharge
circuit 3 until the voltage of the capacitor 2 comes to be the
predetermined voltage Vs. Thus, in the case that the vehicle
engine is not restarted even if a predetermined period T2 has
passed, since a vehicle is quite likely to be stopped for a
comparatively long time period, the voltage of the capacitor 2
is decreased gradually by the spontaneous discharge of the
capacitor 2 and becomes lower than the predetermine voltage
Vs sooner or later. Whereas, the time period during which the
capacitor 2 is held at a high voltage can be reduced by forcing
an electric power having been stored in the capacitor 2 to
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discharge using the forced discharge circuit 3, thus enabling
to minimize the deterioration of the capacitor 2.

Embodiment 2

In the foregoing first embodiment, the predetermined
period after the vehicle engine has been stopped is assumed to
be T1; whereas by monitoring whether or not the voltage of
the capacitor 2 is varied, that is, whether or not the charge
operation or discharge operation of the capacitor 2 is con-
ducted at the power supply control circuit 7, a state of no
charge-discharge operation can be determined to be the stop
of operation. By letting a predetermined period after the
above-mentioned determination T1, the vehicle engine needs
not to be externally stopped, that is, the OFF signal of the
ignition switch of the vehicle needs not to be inputted, thus
enabling to reduce the number of external input terminals of
the power supply control circuit 7.

Embodiment 3

Furthermore, in this third embodiment, by the provision of
a temperature sensor, temperature rise of a cooling water of
the vehicle is determined to be the operation start of the
engine, and the drop of water temperature to a predetermined
temperature is determined to be the lapse of a predetermined
time period from the operation stop of the engine. In the first
and second embodiments, a microcomputer forms the power
supply control circuit 7 illustrated in FI1G. 2 and the time lapse
is counted using this microcomputer; whereas in this third
embodiment, the time lapse is not counted using a microcom-
puter, but it is set such that the time point at which a water
temperature drops to a predetermined temperature is regarded
as when a predetermined time period has passed from the stop
of operation, and the discharge to a battery is conducted.
Accordingly, the function of monitoring the charge or dis-
charge time period of the capacitor 2 can be simplified, thus
enabling to obtain a more simple circuit arrangement.

Additionally, although an example of the provision of the
forced discharge circuit 3 at the capacitor 2 is described in the
foregoing first embodiment, the same effect can be obtained
even in the case of the provision of the forced discharge
circuit 3 at the DC/DC convertor 4.

Furthermore, by providing a radiator at the DC/DC con-
vertor 4 and connecting the forced discharge circuit 3 to the
DC/DC convertor 4, the above-mentioned radiator functions
to perform heat radiation of both generated heat of the DC/DC
convertor 4 and generated heat of the forced discharge circuit
3. Since the DC/DC convertor 4 is in the OFF state for a
predetermined period T3, the radiator of the DC/DC conver-
tor 4 also functions as the radiator of the forced discharge
circuit as it is with its size. Therefore, the space of radiator can
be reduced.

By the above-described arrangement, due to that the volt-
age of the capacitor 2 is made lower than the predetermined
voltage Vs after a predetermined time period has passed, the
energy having been stored in the capacitor 2 can be effectively
consumed at the time of making a stop. Consequently, a
highly efficient power supply device for vehicle can be
obtained while achieving the longer service life of the capaci-
tor.

In the first embodiment, an example of using a step-down
DC/DC convertor is described, and likewise with any of a
step-up DC/DC convertor, a step-up/down DC/DC convertor
and a bidirectional DC/DC convertor, an example of connect-
ing the generator 1 to the terminal side of the capacitor 2 is
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6

given. However, the same advantage can be obtained even in
the case of connecting the generator 1 to the terminal side of
the battery 5.

While the presently preferred embodiments of the present
invention have been shown and described, it is to be under-
stood that these disclosures are for the purpose of illustration
and that various changes and modifications may be made
without departing from the scope of the invention as set forth
in the appended claims.

What is claimed is:

1. A power supply device for vehicle comprising:

a capacitor;

a DC/DC convertor connected to said capacitor;

a battery connected to said DC/DC convertor;

a load connected to said battery; and

a power supply control circuit that monitors a voltage of

said capacitor and battery and controls operation of said
DC/DC convertor, and is provided with a first opera-
tional mode, a second operational mode, and a third
operational mode,

wherein said power supply control circuit is configured to

operate in the first operational mode and control so that
an electric power having been stored in said capacitor is
supplied to said load in response to the voltage of said
capacitor being not less than a predetermined voltage for
a first predetermined time period T1 after operation of a
vehicle engine has been stopped, to operate in the second
operational mode immediately after the first predeter-
mined time period T1 lapses and control so that the
electric power having been stored in said capacitor is
supplied to said battery in response to the vehicle engine
remaining stopped and the voltage of said capacitor
remaining not less than the predetermined voltage for a
second predetermined time period T2, and to operate in
the third operational mode immediately after the second
predetermined time period T2 lapses and control so as to
force the capacitor to discharge the stored electric
power, for a third predetermined time period T3, in
response to the vehicle engine being stopped and the
voltage of the capacitor being not less than the predeter-
mined voltage, and

wherein the power supply control circuit includes:

a capacitor voltage detection circuit configured to detect

the voltage of the capacitor;

a battery voltage detection circuit configured to detect a

battery voltage;

a state of charge (SOC) calculation circuit configured to

calculate a charged state of the battery; and

a DC/DC convertor control circuit configured to control the

DC/DC convertor in response to a signal from the
capacitor voltage detection circuit, battery voltage
detection circuit and SOC calculation circuit.

2. The power supply device for vehicle according to claim
1, wherein said DC/DC convertor is controlled so that the
voltage of the battery at the time of operation of the vehicle
engine and for a time period from the stop of the vehicle
engine until the first predetermined time period T1 elapses is
made lower than the voltage of the battery during the second
predetermined time period T2.

3. The power supply device for vehicle according to claim
1, wherein the operation stop of said engine is determined by
OFF of ignition.

4. The power supply device for vehicle according to claim
1, wherein the operation stop of said engine is determined by
no charge-discharge operation of the capacitor.

5. The power supply device for vehicle according to claim
1, wherein the operation stop of said engine is determined,
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through monitoring a temperature sensor of cooling water of
the vehicle, by the drop of the water temperature having once
risen to not more than a predetermined value.
6. The power supply device for vehicle according to claim
1, wherein on the occasion of charging a battery with an
electric power having been stored in the capacitor during the
second predetermined time period, the second predetermined
time period T2 is made shorter by causing an output current
from said DC/DC convertor to be larger.
7. The power supply device for vehicle according to claim
1, wherein on the occasion of charging a battery with an
electric power having been stored in a capacitor during the
second predetermined time period, the second predetermined
time period T2 is made longer by causing an output current
from said DC/DC convertor to be smaller.
8. The power supply device for vehicle according to claim
1, further comprising a forced discharge circuit connected to
said capacitor or DC/DC convertor thereby forcing an electric
power having been stored in said capacitor to discharge,
wherein an electric power having been stored in said
capacitor is forced to discharge until the voltage of the
capacitor is substantially equal to a predetermined volt-
age using said forced discharge circuit in the case that
the voltage of the capacitor is not less than a predeter-
mined voltage for the third predetermined time period
T3 after the second predetermined time period T2 has
passed.
9. The power supply device for vehicle according to claim
8, wherein a radiator is provided at said DC/DC convertor and
said forced discharge circuit is connected to said DC/DC
convertor, and
said radiator functions to perform heat radiation of both the
generated heat of said DC/DC convertor and the gener-
ated heat of the forced discharge circuit.
10. The power supply device for vehicle according to claim
1, further comprising:
a forced discharge circuit configured to force the capacitor
to discharge the stored electric power, in response to the
signal from the capacitor voltage detection circuit indi-
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cating that the voltage of the capacitor exceeds the pre-
determined voltage after the capacitor has charged the
battery during the second predetermined time period T2.

11. The power supply device for vehicle according to claim
10, wherein the forced discharge circuit is further configured
to force the capacitor to discharge the stored electric power
until the voltage of the capacitor becomes substantially equal
to the predetermined voltage.

12. The power supply device for vehicle according to claim
1, wherein the capacitor voltage detection circuit is connected
to the capacitor and configured to monitor whether the volt-
age of the capacitor becomes substantially equal to or less
than the predetermined voltage, during the first operational
mode, and

the power supply control circuit is configured to interrupt a
supply of' the electric power stored in the capacitor to the
load and cause a self-discharge of the capacitor, in the
first operational mode.

13. The power supply device for vehicle according to claim
1, wherein the capacitor voltage detection circuit is connected
to the capacitor and is configured to monitor whether the
voltage of the capacitor becomes substantially equal to or less
than the predetermined voltage during the second operational
mode, and

the power supply control circuit is configured to interrupt a
supply the electric power stored in the capacitor to the
battery and to cause the self-discharge of the capacitor,
in the second operational mode.

14. The power supply device for vehicle according to claim
1, wherein the SOC calculation circuit is connected to the
battery and configured to calculate a charge amount remain-
ing in the battery, and

the power supply control circuit is configured to maintain
the charge amount in the battery at a reduced level prior
to a start of the second operational mode.
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